A 44-year-old man who received allogenic hematopoietic stem cell transplantation after being diagnosed with acute myeloid leukemia developed nephrosis when the dose of tacrolimus was tapered. A renal biopsy showed the granular deposition of immunoglobulin G in the glomerular basement membrane and subepithelial electron-dense deposits, crescent formation, C4d-positive staining of the peritubular capillary, and subendothelial swelling, suggesting that the main pathological diagnosis was membranous nephropathy and that chronic graft-versus-host disease played a role in the etiology of nephrosis. We herein report a case of membranous nephropathy with various pathological findings. C4d deposition suggests complement activation and the involvement of humoral factors.
Introduction
The number of allogenic hematopoietic cell transplants for leukemia has recently increased. Consequently, the recognition of glomerular diseases associated with nephrotic syndrome as a complication has also increased (1) .
According to the pertinent literature, the incidence of nephrotic syndrome in adult recipients ranges from 0.4% to 6% (2) . Nephrotic syndrome has many causes; however, the most critical cause of nephrotic syndrome in patients after hematopoietic cell transplantation is graft-versus-host disease (GVHD) (3) . Although acute GVHD tends to cause thrombotic microangiopathy (TMA), chronic GVHD tends to cause nephrotic syndrome, especially membranous nephropathy (MN) (2) . There have been case series of MN after allogenic hematopoietic stem cell transplantation that focused on IgG subclasses and the phospholipase A2 receptor (PLA2R) to distinguish this form of MN from primary MN (4) (5) (6) . However, the characteristics of MN after hematopoietic stem cell transplantation remain unclear, since several mechanisms are involved in chronic GVHD and the pathological findings may vary among cases.
We herein report a case of MN with unusual renal pathological findings after hematopoietic cell transplantation.
Case Report
A 44-year-old man diagnosed with acute myelogenous leukemia (AML) was treated with idarubicin and cytarabine. He was also administered intensification therapy with the first-course drugs of mitoxantrone and cytarabine and second-course drugs of daunorubicin and cytarabine. Afterward, he underwent unrelated peripheral stem cell transplan- β2MG: β2 microglobulin, NAG: N-acetyl-β-D-glucosaminidase tation, and there was no human leukocyte antigen (HLA) (A, B, C, DR) mismatch with the unrelated donor. A conditioning regimen of methotrexate and total-body irradiation was instituted. GVHD prophylaxis initially consisted of methotrexate but was later changed to tacrolimus monotherapy. Even with reduced-dose tacrolimus, no symptoms related to GVHD were observed, and he was discharged from the hospital four months after transplantation. The tacrolimus dosage was decreased to 0.4 mg/day through 20 months post-transplantation. Post-transplantation, the serum creatinine (Cr) and serum albumin levels were normal (0.78 mg/dL and 4 g/dL, respectively); however, at 21 months post-transplantation, the patient noticed bilateral leg swelling. New laboratory data showed that the serum Cr level remained normal but had increased to 0.96 mg/dL, and the serum albumin level had decreased to 2 g/dL. The serum total protein level was 5 g/dL, and the serum albumin level was 2 g/dL. The urinary protein/creatinine ratio was 23.02 g/gCr. Due to substantial proteinuria, the patient received a nephrology consultation and was transferred to the nephrology department, where a kidney biopsy was performed at 23 months after transplantation. The urinary protein excretion was 10.5 g/day, and the proteinuria selectivity index was 0.036. The number of red blood cells in urinary sediment was 31-50 per high-power field. The patient's laboratory data upon admission are shown in the table. The only complication the patient experienced was hyperlipidemia. The results of a serological analysis for hepatitis B virus (HBV) and hepatitis C virus (HCV) were negative. Myeloperoxidase anti-neutrophil cytoplasmic antibody (MPO-ANCA), proteinase (PR) 3-ANCA, and antinuclear antibodies were also absent.
The renal biopsy sample contained 39 glomeruli, 2 of which were globally sclerosed. One glomerulus showed segmental endocapillary hypercellularity and extracapillary cellular proliferation ( Fig. 1A and B) . The peripheral glomerular capillary walls were not thickened and showed no apparent bubbling or spikes. In the two collapsing glomeruli, the Bowman's capsules were thickened with prominent interstitial fibrosis surrounding them. The proportion of interstitial fibrosis and tubular atrophy area in the cortex was 10%.
There was no intimal thickening in the interlobular arteries, but partial nephrotoxicity of calcineurin inhibitors, such as increasing arteriolar hyalinosis and small-vessel narrowing, was observed. Typical TMA morphologies, such as fibrin thrombi within glomeruli and mesangiolysis, were not present. Immunofluorescent microscopy revealed diffuse, fine, granular deposits of immunoglobulin G (IgG) and C3 along the peripheral capillary walls, suggesting MN (Fig. 2) . C4d staining was positive along the peripheral capillary walls and the peritubular capillary wall (Fig. 2) . In addition, immunostaining for IgG subclasses and PLA2R showed dominant IgG4 and IgG1 staining and positivity for PLA2R on the glomerular basement membrane [IgG1 (3+), IgG4 (3+) > IgG2 (+), IgG3 (+) and PLA2R (+); Fig. 3] .
To define the extracapillary lesion as a crescent or podocyte proliferation, we performed immunostaining of WT-1, podocalyxin, PAX8, and claudin 1. The results for WT-1 and podocalyxin markers for podocytes were negative, but those for PAX8 and claudin 1 markers of the Bowman's capsule epithelial cells were positive (Fig. 4) . Taking these findings into consideration, the extracapillary lesion was determined to be a crescent.
Electron microscopy (EM) showed diffuse subepithelial deposits without spike formation or foot process effacement. These findings were consistent with a diagnosis of MN stage I. In addition to subepithelial deposits, electron micrographs also showed subendothelial widening (Fig. 5) .
Complete remission was achieved within 3 months with the intravenous administration of 1 g of methylprednisolone followed by the daily administration of 60 mg of prednisolone and 0.4 mg of tacrolimus. The tacrolimus dosage was not changed after nephrosis. The urinary protein/creatinine ratio was <0.1 g/gCr, and a urinary sediment examination was negative for hematuria three months after discharge, at which point he transferred to another hospital.
Discussion
This case is a MN after hematopoietic cell transplantation. Our review of the previous literature showed that the inci- dence of MN after hematopoietic cell transplantation with nephrotic syndrome was 61%, followed by minimal change disease at 22%, focal segmental glomerulosclerosis at 7%, and others at 10% (1). Therefore, MN after hematopoietic cell transplantation is not rare, but the findings of crescent, C4d-positive staining in the peritubular capillaries, and subendothelial widening were worth mentioning as the pathological findings in this case.
The prevalence of crescent formation in MN has been reported as nearly 0.4%, and more than half of the cases were secondary causes of MN (7). To confirm the identity of the extracapillary lesion, we performed immunochemical staining. The proteins claudin 1 and PAX8 are expressed solely in parietal epithelial cells (8) . In contrast, WT-1 and podocalyxin are expressed exclusively in podocytes (9) . Using the antibodies to these four proteins, we investigated the extracapillary lesion and found it to be a crescent, as claudin 1 and PAX8 detection indicated extracapillary lesions, while the expression of WT-1 and podocalyxin was negative. Crescent formation seems to be induced by endocapillary hypercellularity in response to severe injury to the glomerular capillary wall (10) . The present case exhibited not thrombosis in the capillaries but subendothelial widening, which is a characteristic pathological finding of TMA. TMA is sometimes observed in chronic GVHD cases (11) , and small crescents may occasionally present in TMA cases (12) . Since TMA causes subendothelial widening and hampers the cross-talk with podocytes (13), it causes podocyte injury and may produce a crescent, as in this case.
Although the etiology of MN seemed to be GVHD after hematopoietic cell transplantation in this case, IgG4 and IgG1 were predominant among the IgG subclasses, and PLA2R was positive. The IgG subclass and PLA2R expression can help distinguish primary MN from secondary MN; however, the sensitivity and specificity for various IgG subtype staining patterns for primary MN is not high. For example, MN in adults showed a PLA2R expression sensitivity of 75% and specificity of 83% for the detection of primary MN (14) . Indeed, there have been several case reports of MN-associated GVHD in which IgG4 was predominant and PLA2R was positive in the glomeruli (5, 6) . Furthermore, corticosteroids have been shown to be more effective for GVHD-associated MN than primary MN, as complete or partial remission was achieved soon after treatment began (5) . In the present case, MN occurred more than 100 days after transplantation during the tacrolimus tapering period, and steroid reactivity was good, so the clinical course fit that of MN-associated with GVHD.
In GVHD, no diffuse peritubular C4d staining has been described (14) because GVHD is primarily a T cellmediated disease in which donor T cells recognize significant histocompatibility complex mismatch. However, B cells also contribute to GVHD through antibody-mediated and antibody-independent mechanisms (15). Mii et al. reported a case of renal TMA associated with chronic GVHD after hematopoietic cell transplantation with C4d deposition on peritubular capillaries (3). They also examined the pathological features of seven renal cases resulting from chronic GVHD using the Banff classification for renal transplant pathology. The pathological characteristics resembled those of antibody-mediated rejection in kidney transplant patients (9) . The evidence reported for the cases suggests that humoral factors are also involved because the pathological features partly resemble chronic antibody-mediated rejection after kidney transplantation. According to the Banff classification, subendothelial widening has been regarded as an essential indicator of chronic active antibody-mediated rejection since 2013 (16) , and endocapillary hypercellularity is also an important finding in chronic active antibody-mediated rejection. The present case might share the same pathophysiology, and antibody-mediated reactions may be associated with subendothelial widening.
Our case presented with crescent, predominance of IgG4 and IgG1 in the IgG subclass, PLA2R-positive and C4d-positive findings in the peritubular capillaries. Based on the clinical course, we suspect this case was not idiopathic MN but rather MN secondary to chronic GVHD. The crescent formation was induced by endothelial injury associated with intracellular hypercellularity, probably due to T cellmediated GVHD and humoral immune disorders.
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